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DISCOVERY OF A BINARY BROWN DWARF AT 2 PARSECS FROM THE SUN 1 
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ABSTRACT 

I am using multi-epoch astrometry from the Wide-field Infrared Survey Explorer (WISE) to search 
for new members of the solar neighborhood via their high proper motions. Through this work, I 
have identified WISE J104915. 57-531906.1 as a high proper motion object and have found additional 
detections in images from the Digitized Sky Survey, the Two Micron All-Sky Survey, and the Deep 
Near-Infrared Survey of the Southern Sky. I have measured a parallax of 0.496±0.037" (2.0±0.15 pc) 
from the astrometry in these surveys, making WISE J104915. 57-531906.1 the third closest system to 
the Sun. During spectroscopic observations with CMOS at Gemini Observatory, an i-band acquisition 
image resolved it as a l'/5 (3 AU) binary. A spectrum was collected for the primary, which I classify 
as L8±l. The secondary is probably near the L/T transition as well given that it is only modestly 
fainter than the primary (Ai = 0.45 mag). 

Subject headings: brown dwarfs 
low-mass 



infrared: stars — proper motions — solar neighborhood — stars: 



1. INTRODUCTION 



iden- 



Stars in the solar neighborhood have been 
tified prim arily thr o ugh t heir l arge proper mo- 
tions (e.g., IBarnardl [1911 IWoll [T919t iRossI [1925 
van Biesbroeckl Il944t [Giclas et all 119711: ILuvtenl Il97a 
Lepine &: Sharal I2005D . Most brown dwarfs, on the 



other hand, have been found thr o ugh t h eir distinc- 
tive c olors (e.g.. iBurgasser et all [20041: iCruz et all 
20071 IBurningham et all 120101: lAlbert et all 120111: 
Kirkp atrick et all 120111 ) because wide-field infrared 



(IR) surveys initially offered limited data on proper 
motions. However, a significant amount of multi-epoch 
astrometry is now available from various combina- 
tions of the Two M icron All-Sky Survey (2MASS, 
ISkrutskie et all I2006D . the Deep Near-Infrared Surve y 
of the Southern Sky (DENIS, lEpchtein etHI " 
the Sloan Digital Sky Survey (SPSS. lYork eTall 



1999) 



2000) 



the United Kingdom Inf rared Telescope I nfrare d Deep 
Sky Survey (U KIDSS. ILawrence et all [2007h . Pan- 
STARRS1 (PS1, Kaiser et all 12002ft . and the survey 
perform ed by the W i de-fie ld Infrared Survey Explorer 
(WISE, IWright et all l27)10h . As a result, the role of 
proper moti ons in brown dwarf searches is expand- 
ing rapidly dSheppard fc Cushind I2009L lArtigau et all 



2010; Kirkpatrick et all 120101 : iDeacon et all 200 
Liu et all 120111: iGizis et all 120111: iScholz et a" 
20121) 



2011 



2011 



The WISE satellite imaged each position in the sky at 
multiple epochs that span 6-12 months, which enables 
proper motion measurements with WISE data alone. 
The accuracy of WISE astrometry (0'.'2 at SNR>50) is 
lower than that of other modern wide- field surveys, but it 

1 Based on data from the Wide-field Infrared Survey Explorer, 
Gemini Observatory, the Two Micron All-Sky Survey, the Deep 
Near-Infrared Survey of the Southern Sky, and the Digitized Sky 
Survey. 
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vania State University, University Park, PA 16802, USA; kluh- 
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3 Center for Exoplanets and Habitable Worlds, The Pennsyl- 
vania State University, University Park, PA 16802, USA 



provides the best sen sitivity to the coolest brown dwarfs 
(jCushing et aLll2rjTl"l ). In addition, it is easier to detect 
the highest proper motions exhibited by stars (/i ~ 1— 
10" yr _1 ) through multiple identical mappings across a 
baseline of less than a year than with a comparison of 
surveys conducted at different wavelengths and at more 
widely separated epochs. Through an analysis of the 
multi-epoch astrometry from WISE, I have discovered 
one the closest neighbors of the Sun, which I present in 
this Letter. 

2. PROPER MOTION SURVEY WITH WISE 

WISE was designed to complete a map of the entire 
sky in 6 months. Given that its mission lifetime was 
nearly 13 months, it was able to perform two full sur- 
veys of the sky and begin a third one. In each 6 month 
survey, WISE obtained one 8.8 sec exposure in each op- 
erable band every 1.5 hours for a period ranging from 
12 hours near the ecliptic plane to 6 months at the eclip- 
tic poles. The four bands of WISE were centered at 3.4, 
4.6, 12, and 22 /im, which are denoted as Wl, W2, W3, 
and Wi, respectively. All of the bands were employed 
from 2010 January 7 through 2010 August 6. Because of 
the successive exhaustion of the outer and inner cryogen 
tanks, images were not collected through WA and Wi af- 
ter 2010 August 6 and 2010 September 29, respectively. 
The satellite con tinued to observe in Wl and W2 until 
2011 February 1 (jMainzer et al.H2011ft . 

To search for high proper motion objects with WISE, I 
began by retrieving astrometry and photometry from the 
All-Sky Single Exposure (Lib) Source Table, the 3-Band 
Cryo Single Exposure (Lib) Source Table, and the Pre- 
liminary Post-Cryo Single Exposure (Lib) Source Table 
for all sources that lacked 2MASS counterparts within 3". 
I chose to omit sources with close 2MASS counterparts 
to focus my search on objects with either high proper 
motions (// > 0'.'3 yr -1 ) or low temperatures (>T7 at 
10 pc). Using TOPCAT3 and STILTS^ (ITavlorl I2005L 

4 http:/ /www. starlink.ac.uk/topcat/ 

5 http://www.starlink.ac.uk/stilts/ 
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2006), I identified all groups of detections that had sep- 
arations of < l'/5 and < 1 day between neighboring de- 
tections. Thus, these groups were designed to contain 
all detections of a source during the time that it was ob- 
served continuously. Each of these periods is referred to 
as an "epoch" in the remaining discussion. 

Using the average coordinates of detections within a 
given epoch, I matched sources from different epochs, 
computed the proper motions (/x) for these matches, and 
identified the matches with fx/cr^ > 3. Among the re- 
sulting high proper motion candidates, I omitted those 
that have been found in previous studies and that ap- 
peared extended or blended with other sources upon vi- 
sual inspection. Nearly all of the remaining candidates 
that were detected in W3 and Wi exhibited very red 
colors that were indicative of galaxies (W2 — W3 > 2, 
W3 — W4 > 1.5), and thus their putative motions were 
likely caused by resolved emission. However, one of these 
candidates was only modestly red, and hence closer to the 
colors observed for stellar sources. This candidate corre- 
sponds to WISE J104915.57-531906.1 (hereafter WISE 
1049—5319) and consisted of 12, 19, and 18 detections 
near 2010 January 9, 2010 July 2, and 2011 January 6, 
respectively. I inspected images from 2MASS, DENIS, 
and the Digitized Sky Survey (DSS) at the positions ex- 
pected for WISE 1049—5319 given the proper motion 
measured from the three WISE epochs. It is detected at 
J, H, and K s (1.25, 1.65, 2.16 /jm) with 2MASS and at 
i (0.8 /im), J, and K s with DENIS. It appears in the red 
and IR (0.66, 0.85 /im) images of DSS, but not the blue 
image (0.45 /Ltm). The detections of WISE 1049-5319 
in DSS IR and red, 2MASS J, DENIS J, and WISE 
Wl are shown in Figure [TJ I also include the z'-band 
acquisition image obtained during spectroscopic obser- 
vations of WISE 1049-5319 (Section EH). The WISE 
image is displayed on a logarithmic scale so that sources 
near the detection limit can be seen while keeping WISE 
1049—5319 relatively unsaturated. 



tailed photometric m onitoring (e.g.. lArtigau et aT]|2009l : 
iRadigan etldllMlh 

To measure the spectral type of WISE 1049-5319, I 
pursued spectroscopy of it with the Gemini Multi-Object 
Spectrograph (GMOS) at the Gemini South telescope 
on the night of 2013 February 23. The observations 
began with a 10 s z-band exposure for target acquisi- 
tion. The FWHM of point sources in this image was 
0'.'6. At the position expected for WISE 1049-5319 
given its proper motion, a l'/5 pair with Ai = 0.45 mag 
was detected. I conclude that both objects are coun- 
terparts to WISE 1049—5319 and that they comprise 
a binary system since the images from DSS, DENIS, 
and 2MASS do not detect a source at that location. 
The binarity of WISE 1049-5319 is consistent with 
its overluminous position in Figure [3l Spectroscopy 
was performed on the brighter (southeast) component, 
which I refer to as WISE 1049-5319 A. The spectro- 
graph was configured with the 400 1/mm grating, the 
RG610 order blocking filter, and the 0'.'75 slit, which 
produced data with a resolution of 5 A. The slit was 
aligned to the parallactic angle and two 5 min expo- 
sures were collected. The resulting spectrum is shown 
in Figure [4] It matches closely with the spectrum 
of th e L8 dwarf standa r d 2M ASS J16322911+1904407 
from iKirkpatrick et all (jl999ft . Based on a compari- 
son to the other standards from that study, the un- 
certainty in this classification is ±1 subclass. The hy- 
drogen burning limit is predicted to occur at T e g > 
1700 K (|Chabrier fe Baraffd l2000t IBurrows et aHl200l 
for ages less than 10 Gyr, which corresp onds to spec- 
tral types of <L5 (jGolimowski et al.|[200l . Thus, WISE 
1049—5319 A is very likely a brown dwarf. The presence 
of strong lithium absorption (W\ = 8 ± 1 A) provides 
furth er support for its substellar nature (jRebolo et al.1 
1992). Given the flux ratio of the pair, the secondary is 
probably a brown dwarf as well with a spectral type of 
late L or early T. 



3. CHARACTERIZATION OF WISE 1049-5319 

3.1. Photometric and Spectroscopic Properties 

To investigate the photometric properties of WISE 
1049—5319, I have plotted it on color-magnitude 
and color-color diagrams in Figure [3] that are con- 
structed from 2MASS and WISE bands. The ab- 
solute magnitude in W2 is computed with the par- 
allax measured in Section 13.21 For comparison, I 
have in cluded a sample o f known M, L, and T 
dwar fs dLeggett et all 120101 : IKirkpatrick et all 1201 U 
120121 http://DwarfArchives.org). 2MASS measurements 
are shown for these field dwarfs since the near-IR data 
for WISE 1049-5319 are also from 2MASS. All of the 
data for WISE 1049-5319 in Figure[3]are consistent with 
a dwarf between spectral types of ~L5 and L9. The 
position of WISE 1049-5319 in M W2 versus Wl - W2 
and is modestly brighter than the lower envelope of the 
L dwarf sequence, which is suggestive of an unresolved 
binary. A similar offset is present in various other IR 
color-magnitude diagrams as well. Finally, I note that 
the entry for WISE 1049-5319 in the All-Sky Source 
Catalog, which consists of the 31 detections from the 
first two epochs, is flagged as a possible variable in Wl 
and W2. Thus, it may be an attractive target for de- 



3.2. Parallax and Proper Motion 

The binarity of WISE 1049-5319 has implications for 
the measurement of its parallax and proper motion. In an 
unresolved binary containing unequal components, the 
orbital motion is reflected in movement of the photocen- 
ter, which can introd uce errors into derive d parallax and 
proper motion (e.g.. IDupuv fc Lrul 12012). In the case 
of WISE 1049—5319, its separation and the substellar 
masses of its components are indicative of an orbital pe- 
riod of ~25 years. Since this is much longer than the 
baseline of one year across which parallactic motion oc- 
curs, the measurement of parallax should be unaffected. 
Because the astrometry for WISE 1049—5319 spans a 
timescale of decades, the measured proper motion is more 
susceptible to an error from the motion of the photocen- 
ter, but the effect is still quite small. For instance, using 
the z-band flux ratio, the amplitude of the shift of the 
photocenter is only ~ 0.5% of the total motion of WISE 
1049—5319 over the period for which astrometry is avail- 
able. However, if the flux ratio of a system varies with 
wavelength, then the position of the photocenter will do 
so as well, which can lead to errors in both the proper mo- 
tion and parallax if they are based on multi-wavelength 
astrometry. To mitigate such errors, I have excluded the 
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GMOS astrometry from the measurement of the paral- 
lax and proper motion. The other astrometric data are 
either from IR bands (WISE, DENIS, 2MASS), within 
which the flux ratio should not vary as much as in the 
optical, or already have uncertainties that are larger than 
this effect. Focusing on the IR astrometry offers an addi- 
tional advantage; because optical-to-IR colors of L and T 
dwarfs become redder with later types, the flux ratio of 
WISE 1049-5319 is probably closer to unity at IR wave- 
lengths than that measured with GMOS in the i band, 
corresponding to a smaller motion of the photocenter. 

I adopted the astrometry from the 2MASS Point 
Source Catalog and the Third DENIS Release. For each 
WISE epoch, I computed the mean of the coordinates 
that were retrieved from the single-exposure catalogs, 
with the exception of one detection from the second 
epoch with discrepant coordinates. For the DSS images, 
I measured the positions of the counterpart to WISE 
1049-5319 with the IRAF task starfind. The counter- 
parts in 2MASS and DENIS are partially blended with 
a star at a distance of ~ 3" to the north. The latter 
should be ~ 5 mag fainter than WISE 1049-5319 in the 
near-IR bands of 2MASS and DENIS based on its optical 
photo metry from the USNO-B1.0 Catalog (jMonet et al.l 
120031) . Thus, the astrometry from the 2MASS and DE- 
NIS should be negligibly affected by the fainter star. To 
place all astrometry on the same reference system, I com- 
puted the average offset in right ascension and declina- 
tion between 2MASS and the other surveys for sources 
within a few arcminutes of WISE 1049-5319. These 
offsets were then applied to the coordinates for WISE 
1049-5319 from DSS, DENIS, and each of the WISE 
epochs to align them to the 2MASS system. 

For the WISE astrometric errors, I adopted the stan- 
dard deviations of the right ascensions and declinations 
of the individual detections at a given epoch. For 
2MASS, I adopted the errors from the Point Source Cat- 
alog. To estimate the errors for DSS and DENIS, I 
assumed that their sum in quadrature with the errors 
from the 2MASS equaled the standard deviations of the 
differences in right ascension and declination between 
DSS/2MASS and DENIS/2MASS for stars near the flux 
of WISE 1049-5319. The detection in DSS IR is par- 
tially blended with a fainter source to the east. In an 
attempt to account for the effect on the astrometry, I 
doubled the error for its astrometry. The astrometry for 
WISE 1049-5319 from DSS, 2MASS, DENIS, and WISE 
is compiled in Table [TJ 

I have performed least-squares fitting of proper 
and parallactic motion to the astrometry for WISE 
1049-5319 using the IDL program MPFIT. The result- 
ing measurements of the parallax and proper motion are 
presented in Table [2j The parallax corresponds to a dis- 
tance of 2.0±0.15 pc. To test the validity of the errors, 
I fitted 1000 sets of astrometry that were generated by 
adding Gaussian noise to the measured positions. The 
standard deviations of the resulting values of parallax 
and proper motion agreed with the uncertainties pro- 
duced by MPFIT. In Figure[2j the measured astrometric 
offsets after removal of proper motion are plotted with 
the offsets are expected for the derived value of the par- 
allax. Although the DSS data have large uncertainties, 
they do provide tight constraints on the proper motion 
because of the long baseline, which in turn allows the 



2MASS and WISE data to better constrain the parallax. 

4. DISCUSSION 

With a distance of 2.0±0.15 pc, WISE 1049-5319 is 
the closest neighbor of the Sun that has been found 
in nearly a century (iHendersonl I1839L iBarnardl 119161 : 
lAdams & Jovlll917tWoutelll917[ ). It is only slightly more 
distant than Barnard's star, whic h is the second near - 
est known system (1.834±0.001 pc. lBenedict et al.lll999|) . 
The low galactic latitude of WISE 1049-5319 (b = 5°) 
is likely the reason why it was not found in previous sur- 
veys for nearby brown dwarfs, which have tended to avoid 
the galactic plane. Because of its proximity to the Sun, 
WISE 1049—5319 is a unique target for a variety of stud- 
ies, such as direct imaging and radial velocity searches 
for planets. 
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TABLE 1 

Astrometry for WISE J104915. 57-531906.1 



a (J2000) 


8 (J2000) 


<?a, S 


MJD 


Source 


(°) 


(°) 


(") 






162.355972 


-53.321606 


0.40 


43617.5 


DSS IR 


162.338312 


-53.320242 


0.30 


48690.6 


DSS red 


162.329376 


-53.319612 


0.08 


51220.8 


DENIS 


162.328814 


-53.319466 


0.06 


51315.1 


2MASS 


162.315519 


-53.318500 


0.07 


55205.3 


WISE 


162.314540 


-53.318283 


0.07 


55379.3 


WISE 


162.314283 


-53.318415 


0.12 


55567.3 


WISE 



Parallax, Proper Motion 



TABLE 2 

and Photometry for WISE J104915. 57-531906.1 



Parameter 



Value 



[i a cos 6 
Mi 

DENIS i 
DENIS J 
DENIS K s 
2MASS J 
2MASS H 
2MASS K s 
Wl 
W2 
W3 
W4 



0.496±0.037" 

-2.759 ± 0.006" yr" 

+0.354 ± 0.006" yr" 

14.94±0.03 

10.68±0.05 

8.87±0.08 

10.73±0.03 

9.56±0.03 

8.84±0.02 

7.89±0.02 

7.33±0.02 

6.20±0.02 

5.95±0.04 



Note. — tt and fi were derived from a fit to astrometry from DSS, DENIS, 2MASS, and WISE (Section 13.21 . The photometry is from the 
Third DENIS Release (DENIS J104919. 0-531910) , the 2MASS Point Source Catalog (2MASS J10491891-5319100) , and the WISE All-Sky Source 
Catalog. 
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Fig. 1— Detections of WISE 1049-5319 in images from DSS, 2MASS, DENIS, WISE, and GMOS (arrows). It is resolved as a l'/5 
binary by GMOS. The size of each image is 2' X 2'. 
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Fig. 2.— Relative astrometry of WISE 1049-5319 in images from DSS, DENIS, 2MASS, and WISE (points) compared to the best-fit 
model of parallactic motion (Table [2] red curve). The proper motion produced by the fitting has been subtracted. 
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Fig. 3. — Color-mag nitude and color-color diagrams for WISE 10 49-5319 (star) and a sample of M, L, and T dwarfs (open circles, crosses, 
and filled circles. iLeggett et alj|2010l : iKirkpatrick ct al. 2011, 20Q, http: / /Dwarf Arc hives. org} . 



Binary Brown Dwarf at 2 pc 



9 




Fig. 4.— 



Optical spectrum of WISE 1049-5319 A compared to the L8 standard 2MASS J16322911+1904407 HKirkpatrick et aI.l H999l. 



